Based on the estimation of standardized precipitation-evapotranspiration index (SPEI) and standardized runoff index (SRI), this study investigated the variability and correlation of hydrological drought and meteorological drought in a humid climate region -the Poyang Lake catchment in China.
INTRODUCTION
Variability of water resources has become a serious issue facing many communities and nations around the world within the background of global climate change. It is reported that the well-evidenced global warming over the last century has seriously altered hydrological regimes at regional to global scales, resulting in more and more severe floods and droughts all over the world (Huntington Associated with this context, the main goals of this study are:
(1) to evaluate the potential capability and performance of SPEI and SRI in assessing drought variability; and (2) to examine the correlation and differences between hydrological droughts and meteorological droughts at different timescales.
STUDY REGION AND DATA
The Poyang Lake catchment is surrounded by a series of low mountains and hills in the east, south, and west, and covers an area of 162,200 km 2 . The lake receives water mainly from five tributary rivers: Ganjiang River, Xiushui River, Fuhe
River, Raohe River, and Xinjiang River (see Figure 1 (a)), and then discharges into the Yangtze River in the north.
As a typical open water-carrying lake that naturally connects to the Yangtze River, the occurrence of droughts and floods in the lake is not only controlled by the Yangtze River discharge, but is also highly affected by the catchment In this method, the calculation of monthly climatic water balance is given as:
where P i is precipitation for the month i and PET i is potential evapotranspiration for the month which is calculated by the Thornthwaite method (Thornthwaite ), D i is the difference of the two variables.
Different timescales of the water deficit time series can be established as:
where k is timescale (month), and n is the length of data series.
The probability density function of a three parameter log-logistic distribution for the established data series is expressed as:
where α, β, and γ are scale, shape, and origin parameters, respectively, which can be obtained by the L-moment method. The cumulative probability at a given timescale is calculated as:
After transforming the cumulative probability to standard normal distribution, the SPEI can be calculated as follows:
where P ¼ 1-F(x). When P > 0.5, then P is replaced by 1-P.
The constants are C 0 ¼ 2.515517,
According to the value of SPEI, meteorological drought can be classified into three categories (Vicente-Serrano et al. 
).
Severe dry À2.0 < SPEI À1.5
Extreme dry SPEI À2.0 The fundamental idea of using SRI is to examine drought from a hydrological perspective with comparison to traditional drought indices, such as SPI and PDSI. In addition, the SRI has the same classification as that of SPI.
Trend test
In this study, the nonparametric Mann-Kendall (MK) statistical test was applied to estimate the change trend of seasonal hydro-meteorological drought. The method is widely used for trend detection in hydrological and meteorological series due to its robustness against non-normal distributions and insensitiveness to missing values (e.g., 
Continuous wavelet transform
The continuous wavelet transform (CWT) is a mathematical method that was developed for signal processing. Through CWT analysis, hydro-meteorological series can be decom- 
RESULTS

Frequency of hydro-meteorological drought months
According to SPEI classification, statistical results indicate a total of 105 meteorological drought months occurred in the Poyang Lake catchment during the period 1960-2010.
Among these drought months, moderate drought occurred in 70 months, severe drought occurred in 27 months, and extreme drought occurred in 8 months. On a seasonal basis, the highest occurrence of meteorological drought was found in autumn, and followed by winter, summer, and spring (Figure 2(a) ). However, the droughts that occurred in autumn were mainly moderate droughts. By summing the observed streamflow of the five gauging stations, the occurrence of hydrological droughts was also estimated for the Poyang Lake catchment, and the cumulative frequencies of drought months of different categories were calculated for the study period. As shown in Figure 3 , statistical results indicated there were 92 hydrological drought months that occurred in the Poyang Lake catchment during the past 51 years, among which moderate drought occurred in 70 months, severe drought occurred in 15 months, and extreme drought occurred in 7 months. On a seasonal basis, the highest occurrence of hydrological drought was in winter, followed by autumn, summer, and spring. In addition, the droughts that occurred in winter were mainly moderate droughts and extreme droughts mainly occurred in spring (Figure 3(a) ). In monthly scale, the highest occurrence of hydrological drought was in February, May, July, and October, while the least was According to the result of wavelet variance, it is clear that Comparison of SRI and SPEI at different timescales 
CONCLUSIONS
In this study, the performance of SPEI and SRI in assessing drought variability and the correlation and differences between hydrological droughts and meteorological droughts at different timescales was investigated using hydro-meteorological data from a humid region -the Poyang Lake basin in China. The study concludes that in the Poyang Lake catchment, seasonal hydro-meteorological droughts have occurred frequently in recent decades. Annual variability of both indices showed a primary periodicity of 22 years and two secondary periodicities of 4 and 7 years. SRI is less variable than SPEI at shorter timescales and it shows an obvious hydrologic delay of about 1-2 months in response to SPEI at timescales larger than 12 months. For the desynchronized variation of the two indices at different timescales, the influences of geophysical characteristics of river catchments that moderate the hydrological response should be considered. With respect to the study catchment, the 2-month timescale of SPEI is more appropriate for drought event monitoring, especially for those rivers with drainage areas larger than 0.35 × 10 4 km 2 .
